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REMARKS 

35 U.S.C. SI 12, second paragraph 

The Examiner has rejected Claims 3, 4, 9-11, and 13-15 under 35 U.S.C. §112, second 

paragraph for faihng to particularly point out and distinctly claim the subject matter which 

Applicants' regard as the invention. According to the Examiner, the term "hot start DNA 

polymerase" is vague and indefinite as, 

"The term liot start' is a term of art and may be interpreted as 
reading on a variety of methods of supplementing or enhancing 
amplification specificity, including physical partitioning of 
reagents, modification of polymerase enzymes, or the inclusion 
of a reversibly inhibitory antibody directed against the DNA 
polymerase." (Office Action, page 3.) 

Applicants assert that the term "hot start DNA polymerase" as used in the present 
application and in the claims is a well defined term of art, the scope and meaning of which are 
readily understood by the skilled practitioner. 

For example, to demonstrate that the scope and meaning of "hot start DNA polymerase" 

was a well-defined term at the time the present application was filed, pursuant to MPEP 

609.05(c), Applicants submit herewith U.S. Pat. No. 6,312,929 filed December 22, 2000, entitled 

"Compositions And Methods Enabling A Totally Internally Controlled Amplification Reaction" 

(attached at Tab A). The '929 patent sets forth the art-recognized definition, at the time the 

present application was filed, for the term "hot start DNA polymerase" as follows: 

In some embodiments, a 'hot start' polymerase can be used to 
prevent extension of mispriming events as the temperature of a 
reaction initially increases. Hot starts are particularly useful in 
the context of multiplex PCR. Hot start polymerases can have, 
for example, heat labile adducts requiring a heat activation step 
(typically 95°C for approximately 10-15 minutes) or can have an 
antibody associated with the polymerase to prevent activation." 
(See, '929 patent, column 11, lines 26-33.) 

See also, for example. International application PCT/GBO 1/02265 (published as WO 
01/92569), attached at Tab B: 
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"The polymerase may be a DNA polymerase and may be a 
thermally stable polymerase, e.g. Taq polymerase. There is 
however a deficiency with Taq in that it becomes active (though 
at low efficiency) at relatively low temperatures. As a result, 
mis-primed reactions can occur at these low temperatures before 

the PGR begins It is therefore preferred that the polymerase 

in the formulation of the invention is a "hot-start" polymerase. 
"Hot-start" polymerases are known in the art and are such that a 
heating step is required to activate the polymerase (which has 
typically been inactivated with an antibody). The "hot-start" 
polymerase should be one for which the "means" of inactivation 
of the enzyme (e.g. an antibody) must be able to withstand the 
drying/rehydration procedure. The advantage that the use of 
such an enzyme confers is that the re-hydration of the dried 
reagent composition can occur at ambient temperature without 
initiating potentially ruinous side reactions prior to heating the 
sample and cooling to anneaUng temperature at which only 
desired reactions can occur." (WO 01/92569 at pages 5-6.) 

Therefore, "hot start DNA polymerase" as used in the present appUcation is directed to a 
DNA polymerase modified to exhibit essentially no polymerase activity at lower temperature 
(ambient temperatures), i.e., to prevent non-specific primer binding and extension, but which is 
activated after exposure to high temperatures (e.g., 95°C for 10-15 min.). Hot start DNA 
polymerases are products known in the art and are commercially available (see, e.g., 
HotStarTaq® DNA polymerase, Qiagen GmbH, Qiagen Product Guide 2002, p. 37 attached at 
Tab C). 

The present application also provides a particular reference for suitable "hot start DNA 
polymerases" by specific reference to U.S. Pat. No. 6,183,998 entitled "Method For Reversible 
Modification Of Thermostable Enzymes", which is incorporated by reference into the present 
specification (see, page 27, line 9). A copy is attached at Tab D. 

The '998 patent discloses aldehyde-modified DNA polymerases, which are preferred as 
they overcome some of the disadvantages of other available hot start enz3mies. As disclosed in 
the '998 patent: 

"To overcome difficulties related to non-specific amplification 
products caused by the extension of mis-primed oligonucleotides 
during the reaction set-up or the initial heating phase of PGR, an 
essential PGR component such as the oligonucleotide primers, 
nucleotide triphosphates, magnesium ions or thermostable 
nucleic acid polymerase could be added only at higher 
temperatures, thereby reducing the probability of having non- 



10 



Appln. Ser. No. 10/669,976 
Atty. Docket: QGN-038.1 US-1 



specific hybridization or extending mis-primed oligonucleotides. 
This technique is commonly known as "hot-start PCR", or more 
specifically "manual hot-start PCR". ('998 patent at paragraph 
bridging cols. 1-2, emphasis added.) 

« ♦ « 

"Another method of reducing formation of extension products 
fi-om mis-primed oligonucleotides during the reaction set-up is a 
reversible non-covalent modification of the nucleic acid 
polymerase. U.S. Pat. No. 5,338,671 discloses the use of 
antibodies specific for the nucleic acid polymerase to inhibit the 
polymerase's activity. Pre-mixing of nucleic acid polymerase and 
polymerase-specific antibodies results in the formation of an 
antibody-polymerase complex. Under these conditions 
substantially no oligonucleotide extension activity can be 
detected. At elevated temperatures, the antibody dissociates 
from the complex, thus releasing the nucleic acid polymerase, 
which can then function in DNA synthesis during the 
Polymerase Chain Reaction. However, this method carries the 
risk of contamination due to an increased number of handling 
steps and the possible presence of residual nucleic acids derived 
from the antibody preparation. Another method to reduce non- 
specific amplification products involves the use of a chemically 
modified thermostable DNA polymerase that becomes active 
only after incubation of the DNA pol3mierase for a certain 
period of time at elevated temperature, thus preventing 
production of non-specific DNA synthesis products during 
reaction set-up and the initial heating phase of PCR. U.S. Pat. 
No. 5,677,152 and corresponding European patent publication 
EP 0 771 870 Al describe a method for amplification of a target 
nucleic acid using a thermostable polymerase reversibly 
inactivated using a dicarboxylic acid anhydride. ('998 patent, 
col. 2, lines 30-56.) 

* * * 

"... The modified thermostable DNA polymerases according to 
the present invention exhibit stable, reduced enzyme activity at 
temperatures lower than about 50° C, and thus the presently 
disclosed reversibly inactivated enzymes show advantages over, 
e.g., a DNA polymerase treated as described in European patent 
publication EP 0 771 870 Al, as demonstrated in Examples 9, 
12 and 13 below, due to the conditions necessary for reactivation 
. . . ('998 patent at col. 4, lines 60-67.) 

♦ * « 

"... The modified thermostable enzyme will have essentially no 
primer extension activity at room temperature and will not 
recover significant activity until exposed to elevated 
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temperatures. Below about 50°C., however, exposure must be so 
prolonged (greater than 1 hour) in order to reactivate the 
. enzymes that the enzyme modification is viewed as being 
reversible only at high temperatures (above 50°C.). In a 
preferred embodiment, for example, a modified Taq DNA 
polymerase treated with formaldehyde according to the present 
invention has essentially no primer extension activity at the 
conditions of maximal primer extension activity (i.e., between 
eO^'C. to IS^'C), as shown in Example 6; and the modified 
thermostable enzyme appears to be further stabilized in 
comparison with Taq DNA polymerase treated with anhydride." 
('998 patent, paragraph bridging cols. 5-6.) 

It is seen that the term "a hot start DNA polymerase" is well understood by those skilled 
in the art and is a term sufficiently precise to inform those skilled in the art how to make and use 
the present invention, fully satisfying the requirements of 35 U.S.C. §1 12. 

In view of the foregoing remarks, reconsideration of this objection and allowance of 
Claims 3, 4, 9-11, and 13-15 are respectfully requested. 



35 U.S.C. 112. second paragraph 

The Examiner has rejected Claims 9-1 1 and 13-15 as vague and indefinite as the 
reference to the molecular weight of the volume exclusion agents disclosed therein, i.e., 
polyethylene glycol (Claims 9-1 1) and dextran (Claims 13-15) does not include the units of 
weight measurement therefor. Applicants have amended Claims 9-1 1 and 13-15 to specify that 
the molecular weight units of the polyethylene glycol and dextran are expressed in daltons . 
Support for the amendments may be found in the specification on page 17, lines 4-7. No new 
matter is added by the amendments to Claims 9-1 1 and 13-15. Entry of the amendments and 
allowance of the claims are respectfully requested. 



35 U.S.C. S103fa) 

The Examiner has rejected Claims 1-14 and 16 under 35 U.S.C. §103 as being 
unpatentable over Backus et al., U.S. Pat. No. 5,705,366^ in view of Bustin, Journal of 
Molecular Endocrinology, 25: 169-193 (2000). 

According to the Examiner, with respect to Backus, 

* Applicants note that the Examiner cites U.S. Pat. No. 5,703,366 throughout the Office Action. However, 
U.S. Pat. No. 5,703,366 is issued to Sting et al and is entitled "Optical Sensing With Crystal Assembly 
Sensing Tip". 
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"Backus discloses a method of amplification of multiple target 
nucleic acids in the presence of a nonionic, polymeric volume 
exclusion agent." (See, Office Action, page 4.) 

With respect to Bustin, the Examiner states, 

"... Bustin teaches the coamplification of nucleic acids which 
are present at comparable copy numbers, wherein the maximum 
difference between the lowest and highest copy number is 10- 
fold (p. 182, col. I, 2"^ paragraph, where the normalization of 
quantification of a target nucleic acid is accomplished through 
co-amplification of an internal control target sequence, referred 
to as an endogenous control. It is also noted that the endogenous 
control should be expressed at roughly the same level as the 
RNA under study)." (See, Office Action, page 10.) 

Applicants have amended independent Claims 1-4 to fiirther distinguish the present 
invention. In particular, the claims have been amended to specify that the two or more target 
nucleic acids to be amplified are included in the reaction mixture that is heated in step (A). 
These claims have also been amended to recite that the copy number of each target nucleic acid 
in the reaction mixture in step (A) is not more than 10-fold different than the copy number of any 
other target nucleic acid in the reaction mixture. Support for this amendment may be found at 
page 8, lines 16-18, and in the preamble of original Claims 1-4. 

Also, Claims 1-4 have been amended to specify that the reaction mixture includes "hot 
start DNA poljmierase" (as disclosed for example in the '998 patent), which polymerase is 
"activated at Ti" of the amplification reaction. Support for this amendment may be found in the 
specification on page 27, lines 6-9, and U.S. Pat. No. 6,183,998 incorporated by reference 
therein. 

Finally, Claims 1-4 have been amended to include as either an intermediate or final step 
to determine the efficiency of the PCR coamplification reaction, the step of detecting the two or 
more coamplification products, which amplification products have different sequence 
compositions. Support for this amendment may be found in the specification beginning on page 
19, line 26, to page 21, line 25. 

No new matter has been added by the above-referenced amendments to Claims 1-4. 
Entry of the amendments and allowance of the claims are respectfully requested. 

In the present specification, Applicants have demonstrated that the use together of a hot 
start DNA polymerase and a volume exclusion agent, such as dextran or polyethylene glycol 



13 



Appln. Ser.No. 10/669,976 
Atty. Docket: QGN-038.1 US-1 

(PEG), significantly improves the coamplification of two or more target nucleic acids in a 
multiplex PGR reaction. Further, the disclosed method is particularly advantageous where the 
copy number of each of the target nucleic acids at the start of the coamplification reaction is 
comparable, i.e., not more than 10-fold different than the copy number of any other target nucleic 
acid in the same reaction mixture. As shown in the Examples section (discussed below), this is 
in comparison to the coamplification of two or more target nucleic acids in a PGR reaction with 
either a standard (non hot-start) DNA polymerase and a volume exclusion agent or hot start DNA 
polymerase and no volume exclusion agent. 

Examples 1 and 2 of the present specification, beginning on page 26, describe the 
coamplification of multiple target nucleic acids in the same PGR reaction, i.e., the PKG, SLP-65, 
ILGFMAR, c-fos, N-ras, fas, GDI 9 and GD5 murine genomic loci, all of which vary in size and 
sequence, using primers specific for each loci. Being genomic loci, the copy numbers of these 
targets were comparable. Amplification reactions were carried out with either (non hot-start) 
Taq DNA polymerase or hot start DNA polymerase (HotStartTaq®) and various concentrations 
(0%-6%) of either dextran or polyethylene glycol (PEG) as a volume exclusion agent. 

As seen in the results shown in Table 2 on pages 28-29, the amplification reaction 
carried out with hot start DNA polymerase in the presence of either 1%, 3%, or 6% dextran 
showed up to a 6-fold increase in PGR product jneld as compared with hot start DNA polymerase 
with 0% dextran. In contrast, also as seen on page 29, the same reaction performed with standard 
Taq DNA polymerase yielded, for the most part, no detectable PGR product regardless of the 
concentration of dextran in the amplification reaction mixture. 

Similar results are seen in Table 3 on page 30, where the same reactions described above 
were performed in the presence of either 1%, 3%, or 6% PEG. Similar to the results shown in 
Table 2, the presence of hot start DNA polymerase and PEG yielded up to a 12-fold increase in 
PGR product as compared to the amplification reaction containing hot start DNA polymerase and 
0% PEG. Also, similar to the results shown in Table 2, the amplification reaction carried out in 
the presence of standard Taq DNA polymerase yielded almost no PGR product regardless of the 
concentration of PEG in the amplification reaction. 

Therefore, the results of the present specification clearly demonstrate that a multiplex 
PGR coamplification reaction containing multiple target nucleic acids, each present in the 
reaction mixture at a concentration that is no more than 10-fold different than the concentration 
of any other target nucleic acid in the reaction, shows a significant improvement in yield of final 
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product when the ampHfication reaction is performed in the presence of hot start DNA 
polymerase in combination with from 1% to 6% of a volume exclusion agent, as compared to the 
reaction carried out in the presence of hot start DNA polymerase and 0% volume exclusion agent 
or, surprisingly, as compared to the same amplification reaction carried out in the presence of 
standard Taq DNA polymerase and regardless of the concentration of volume exclusion agent. 

Applicants assert that the claims of the present application are clearly distinguishable 
from the teachings of the Backus reference. There is no teaching in Backus to combine a volume 
exclusion agent and hot start polymerase for the coamplification of two or more target nucleic 
acids present at comparable, i.e., less than 10-fold different, copy numbers as disclosed in the 
present specification. 

For instance, Examples 1 and 2 as described above also demonstrate that a multiplex 
PCR reaction using the hot start DNA polymerase described in the present invention, allows for a 
much lower concentration of PEG 8000 in the reaction mixture than disclosed in Backus, and 
achieves comparable or significantly better levels of amplification of PCR products with close to 
half the percentage or less of PEG in the reaction than disclosed by Backus. Examples 1-4 of 
Backus disclose a PCR reaction having one population of low copy nucleic acid (pro viral HIV I 
DNA) and one population of hi copy nucleic acid (human P-globin DNA) amplified in the 
presence of 10% PEG. As seen in Table I of Backus, the best level of PCR amplification in the 
presence of PEG 8000 only resulted in a 3.4 fold increase over control levels. (Compare, 
Example 1 of Backus, 0.1 nM primer level, 4.25 dye signal, with Control A (0.1 \xM primer level, 
1.25 dye signal)). In contrast, the present application demonstrates that in a multiplex PCR 
reaction having up to 8 different populations of nucleic acids, resulted in an over 4-fold increase 
in at least one of the populations with as little as 1% PEG and up to 12-fold increase in at least 
one population of target nucleic acids with only 6% PEG. 

In addition, Applicants assert that the results presented in Backus actually teach away 
from the surprising results shown in the present application. Despite the teachings of Backus, 
Qiagen^s results, in contrast, demonstrate that the combination of hot start DNA polymerase and 
dextran in a multiplex PCR reaction is not only efficient, but it is surprisiiig (in light of Backus) 
that the reaction works at all. 

The Examiner's attention is again directed to Table 2 on page 28 of the present 
application. Table 2 shows the results of the multiplex PCR reaction described above using hot 
start DNA polymerase and either 1%, 3%, or 6% dextran to coamplify targets of comparable 
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copy numbers. As seen in Table 2, in some instances, as little as 1% dextran present in the 
reaction mixture results in an over 2-fold increase in PCR product (as compared to 0% dextran 
control) and an over 6-fold increase in PCR product with as little as 6% dextran present in the 
reaction. 

This is in contrast to Example 5 of Backus which shows the results of a PCR reaction in 

the presence of from 1%-10% dextran or from 1%-10% PEG. As seen in Table n of Backus, the 

presence of a volume exclusion agent, i.e., dextran, totally inhibits the PCR amplification 

reaction. According to Backus, 

"It is clear that ... the presence of dextran sulfate totally 
inhibits PCR." (See, Backus, column 18, lines 5-10.) 
(emphasis added.) 

In addition, Table II of Backus once again demonstrates the superior results the present 
invention displays over this reference with the use of PEG in combination with a hot start DNA 
polymerase. As seen in Table H, again the most improved results using PEG in the method 
disclosed by Backus still only results in a 2-fold improvement of amplification as corhpared with 
control (compare control (dye signal = 4.5) with 6% PEG (dye signal = 9)). 

Therefore, even though Backus discloses that an antibody blocked DNA polymerase is 
suitable for use in the disclosed method (involving unequal targets), there is no teaching that the 
co-use of a volume exclusion agent with hot start DNA polymerase would lead to the unexpected 
results for coamplification of comparable targets shown in the Qiagen examples described above. 

With respect to the Bustin reference cited by the Examiner as a secondary reference in 
light of Backus, in contrast to the Examiner's assertion, this reference does not relate to or 
disclose "the coamplification of two or more target nucleic acids present at comparable copy 
numbers". The Bustin reference is a review article describing methods for quantifying mRNA 
gene transcripts by reverse transcription polymerase chain reaction (RT-PCR). According to 
Bustin, RT-PCR-specific errors in the quantification of mRNA transcripts are compounded by 
variation in the amount of starting material, particulary when samples are taken from different 
individuals. The section of Bustin referred to by the Examiner concerns the normalization, i.e. 
calibration, to account for the errors that occur as a result of variations in the amount of mRNA 
starting material in RT-PCR reactions when quantifying mRNA transcripts again, particularly 
when comparing amplification of transcripts from samples taken from different individuals. 
According to Bustin, a common method for minimizing these quantification errors between 
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samples is to include a cellular RNA in the reaction, one that is expressed at a constant level in 
various tissues and, if possible, expressed at the same level endoeenouslv as the mRNA gene 
transcript under study. Therefore, Bustin relates to normalization of an RT-PCR reaction using 
an RNA with known in vivo expression levels. Bustin does not, as asserted by the Examiner, 
"teach the coamplification of nucleic acids which are present at comparable copy numbers, 
wherein the maximum difference between the lowest and highest copy number is 10-fold". (See, 
Office Action, page 10.) Bustin discloses the use of a known internal standard to set a 
benchmark for normalizing unknown variations between separate amplification reactions. 

Therefore, the combination of Backus taken with Bustin, does not render obvious the 
coamplification method of the present invention. 

35U.S.C. §103 

The Examiner has rejected Claim 15 under 35 U.S.C. §103 as being unpatentable over 
Backus {supra), in view of Bustin (supra), and further in view of Mauzac et al., U.S. Pat. No. 
4,740,594, Lantz et al., Journal of Microbiological Methods, 28: 159-167 (1997), as evidenced 
by JBC Handbook, 4* ed. (1997), entry on Dextran 40. 

Claim 15, which depends from Claims 1, 2, 3, and 4, is directed to a particular molecular 

weight range for dextran that is suitable for use in the method of coamplification disclosed in 

Claims 1-4, specifically 40,000 to 60,000 daltons. According to the Examiner, 

"Backus does not explicitly disclose the use of dextran within 
the molecular weight range of 40,000 to 60,000 . . . Lantz 
teaches an embodiment of claim 12, characterized in that the 
dextran has a molecular weight in the range of 40,000 to 
60,000." (See, Office Action, page 11.) 

♦ ♦ « 

"It would have been prima facie obvious to one of ordinary skill 
in the art at the time the invention was made to have modified 
the teachings of Backus and Bustin to incorporate the specific 
molecular weight of dextran disclosed by Lantz and Mauzac to 
arrive at the claimed invention . . ." (See, Office Action, page 
12.) 

As stated above, Backus actually teaches away from the present invention in that the use 
of dextran in the PCR reaction disclosed therein completely inhibited PCR at all concentrations 
of dextran tested. The Lantz et al. reference is directed to a method for removing PCR inhibitors 
from fecal samples prior to the amplification reaction. 
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"Faecal specimens were used as a PCR-inhibitory samples ... to 
demonstrate the general use of the aqueous two-phase system as 
a sample preparation method prior to PCR" (See, page 160, 
left column, second paragraph.) (emphasis added.) 



"In the present study, we have investigated in more detail the 
efficiency of an aqueous two-phase system, composed of 8% 
(w/w) PEG 4000 and 1 1% (w/w) dextran 40, in removing PGR 
inhibitors." (See, page 160, left column, second paragraph.) 

Specifically, Lantz et al. discovered that the dextran phase of the aqueous two-phase 
system bound the PGR inhibitors and allowed them to be removed before performing the PGR 



"Thus, the observed effect of dextran on PGR inhibition was 
assumed to be caused by binding or inactivation of PGR 
inhibitors originating from the faeces." (See, page 166, right 
column.) 

Therefore, Lantz et al. disclose the use of dextran in combination with PEG to create an 
aqueous two-phase system for removal of PGR inhibitors prior to carrying out the PGR reaction 
and not as a component for improving the efficiency of the PGR reaction itself. Lantz et al. does 
not teach or discuss the use of hot start Taq polymerase in combination with dextran for 
improving the product yield of a multiplex PGR reaction. 

The Mauzac et al. and the JBG Handbook references cited by the Examiner are related to 
the known anticoagulant properties of dextran or their derivatives and make no mention of either 
its use as a volume exclusion agent or its use as a volume exclusion agent in PGR. 

For the reasons set forth above, entry of the amendments and allowance of Glaims 1-16, 
23, and 24 are respectfully requested. 



reaction. 
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FORMULATION FOR POLYMERASE CHAIN REACTION AND VESSEL 

CONTAINING SAME 

The present invention relates to formulations for use in effecting a Polymerase 
Chain Reaction and also to vessels containing such a formulation and which are intended 
for use m conducting such a reaction . 

The Polymerase Chain Reaction (PGR) is one of the key tools in field of DNA 
diagnostics and enables the rapid and specific amplification of very small amounts of 
DNA sequences of interest. PGR is routinely performed either to obtain sufficient DNA 
for subsequent manipulation (e.g. for DNA sequencing or sub-cloning) or to identify the 
presence/absence of a specific nucleotide sequence in a large background of non-specific 
sequences. 

Whilst PGR has revolutionised molecular biology, its ability to generate massive 
nxmibers of molecules of a particular DNA sequence firom very few initial molecules can 
be a handicap in certain diagnostic situations. . This is because of the ease of 
contaminating a PGR with the products of a previous reaction. Once contamination of a 
work area has arisen it can be very, difficult to eradicate. This has lead to the adoption of 
complex and expensive methods of minimising this risk, such as purpose built 
laboratories, or laboratory areas, enzymatic pre- or post- PGR treatment of samples and 
controlling the use of such items as pipettes, lab coats etc, within defiined work areas. 

The PGR reaction itself generally consists of a number of preparative steps 
including the addition of a buffer solution, dNTP mix, primer solutions and usually a 
separate MgCb solution followed by the addition of target and DNA polymerase. Many 
of the reagents can be included m a "master mix" that is then dispensed singly to 
individual reactions. Other reagents, usually the target and polymerase enzyme must be 
added individually to reaction tubes, which involves pipetting very low volumes (sub to 
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low fxL) which can lead to considerable reaction variability. The complexity of the steps 
involved in optimising the performing PCR in this fashion requires a high degree of 
expertise in those entrusted with its performance and constant vigilance and monitoring 
of contamination issues. 

A proposal to overcome the disadvantages set out in the previous par^raph is set 
out in US-A-5 861 251 (Park et al) which discloses a ready-to-use PCR reagent 
formulation obtained by lyophilisation of an aqueous mixture comprising a reaction a 
DNA polymerase, buffer, MgCU, dlMTPs, PCR primers, glucose or glucitol as a 
stabilising and sedimendng agent, and a water soluble dye selected from bromphenol 
blue, xylene cyanol, bromocresol red and cresol red. This lyophilised mixture has the 
advantage that it simplifies the multi-step PCR manipulation in that all components 
(except target) for effecting amplification are included in the pre-prepared mixture such 
that aU that is required is addition of an aqueous sample containing (or potentially 
containing) the target. Furthermore, the water soluble dye fiacilitates identification of 
complete mixing of the PCR reagent aiid test sample and saves the trouble of adding a 
sample loading buffer which is otherwise required for analysis of PCR products. As a 
result, the formulations of US-A-5 861 251 provide the advantage of avoidmg carry-over 
contamination into die PCR reaction mix. However detection of the amplified product is 
effected by running die product mixture on a gel. This necessities opeoing of the tube, to 
apply the product mixture to the gel, thus once again giving rise to the possibility of 
cross-contamiiiation. 

It is an object of the present invention to obviate or mitigate the above-mentioned 
disadvantages. 

According to a first aspect of the present invention there is provided a formulation 
for use in effecting a Polymerase Chain Reaction, the formulation comprising a dried 
composition of reagents including reaction buffer, dNTPs, at least two primers and a 
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polymerase and said fonnulation being re-hydratable to be capable of effecting 
amplification of a target nucleic acid sequence of int^est characterised in that the 
formulation incorporates a fluorescent reporter molecule capable of reporting by 
homologous detection the presence of amplified nucleic acid produced by the Polymerase 
Chain Reaction.. 

As witii that proposed in US-A-5 861 251, the formulation of the invention is 
such that only a single addition of aqueous target sample to the formulation is required to 
produce an aqueous reaction mixture containing all necessary components for PGR 
amplification of target nucleic acid sequence. 

The formulation of the in-vention does however have the significant additional 
advantage that the presence, in the formulation, of the fluorescent reporter molecule 
means homologous detection may be used. Thus the progress of the reaction may be 
followed by real-time detection techniques avoiding the need for post-reaction 
manipulation of the product mixture (e.g. transferring the mixture to a gel, or even 
opening a vessel in which the product mixture is contained) thereby avoiding any 
possibility of cross-contamination. This has dramatic consequences for the set-up of 
labomtories that PERform PCR-based diagnostic reactions as, currentiy, extreme care has 
to be taken during the performance of the reaction to prevent cross-contamination. Using 
the present invention, no particular contamination controls would be needed other than 
those routine in a molecular biology laboratory. There are also additional benefits, 
including having much more defined reaction conditioxis (as essentially all the reactants 
could come firom the same batch, convenience, longer shelf life etc). 

The invention also provides, according to a second aspect thereof, a vessel (e.g. a 
reaction tube) containing a pre-measured amoimt of the foimulation of the invention. 
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The vessels (with premeasured formulation) may be provided with a suitable 
closure element and supplied to end users who, after removal of the closure element 
merely, need only to add tite aqueous sample and tiiien re-close the vessel. The end user 
may be a person in a laboratory where flie PGR reaction is then effected. Alternatively 
the end user may be out "on-site" collecting samples which can then be added to. the 
vessel as soon as collected, the vessel then being sent to a laboratory for conducting the 
PGR reaction. 

Conveniently, after addition of the aqueous sample to the vessel the latter is 
closed with a non-removable closure client so that there can be no possible interference 
with the PGR reaction which, as described above, may be effected and monitored without 
the need to remove the closure element. For this purpose, the inner surface of the vessel 
(adjacent the mouth thereof) and the outer surface of the closure element may be 
provided with inter-engageable formations allowing insertion of the closure element into 
the vessel but preventing withdrawal therefrom. These inter-engagable formations 
should be positioned such that the closure element is capable of being removable 
provided that it has not been inserted into the vessel beyond a certain degree. As such, 
the dried composition may be mcorporated into the vessel ahd tiie closure element 
removably applied thereto. Subsequently the closure element may be removed to permit 
addition of the sample and then subsequently inserted sufficiently fsa: into the vessel so 
that it becomes non-removable. 

The formulation of the invention may be prepared by lyophilisation of an aqueous 
solution of the required components, e.g. by lyophilisation using the procedures disclosed 
in US-A-5 861 251. Preferably the solution includes a stabiliser which may for example 
be glucose, glucitol or trehalose. 

The dried formulation of the invention may be such that, per ml of reconstituted 
reaction medium, it comprises: 
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Component 
Polymerase 
Primers 

Fluorescent Reporter 
KCl 



Amount 



0.01-0.04 units 
0.1-10 pmoles 
0.1-10 pmoles 
10-100 nmoles 



Tris-HCl 



10-20 nmoles 



Triton XlOO 



0.5-5mg 



MgCl2 
DNTP(each) 
Stabiliser (e.g. trehalose) 



0.5-10 nmoles 



50-500 pmoles 
0.1-15% w/w 



Once the lyophilised sample has been rehydrated by addition of aqueous sample, 
the PGR reaction may be conducted by procedures well known in the art, e.g. using 
thermal cycling. 

The fluorescent reports molecule included in the formulation of the invention 
may for example be one which reports a change in the amount of double stranded DNA 
present in the reaction, e.g. an intercalating dye such as Ettudium Bromide, CyBr- Green 
or PicoGreen. Alternatively the fluorescent reporter molecule may be one which works 
in conjunction with a quencher moiety so as to be capable of reporting on the presence of 
specific nucleotide sequences in the mixture and may, for example, be a TaqMan probe,' 
Molecular Beacon^ Sunrise primer and Scorpion primer (Registered Trade Marks). 

The polymerase may be a DNA polymerase and may be a thermally stable 
polymerase, e.g. Taq polymerase. There is however a deficiency with Taq in that it 
becomes active (though- at low efficiency) at relatively low temperatures: As a result, 
mis-primed reactions can occur at these low temperatures before the PGR begins. Thus, 
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re-hydradoiL of the reaction mix, if not carried out at or above the annealing temperature 
of the primers, could lead to non-specific reactions occurring that will reduce the 
eflBciency of the PGR and could lead to false positive reactions being reported. It is 
therefore preferred that the polymerase in the fonnulation of the invention is a "hot-start" 
polymerase. "Hot-start" polymerases are known in the art and are such that a heating 
step is required to activate the polymerase (which has typically been inactivated with an 
antibody). The "hot-start" polymerase should be one for which the "means" of 
inactivation of the enzyme (e.g. an antibody) must be able to withstand the 
drying/rehydration procedure. The advantage that the use of such an enzyme confers is 
that the re-hydration of the dried reagent composition can occur at ambient temperature 
without initiating potentially ruinous side reactions prior to heating the sample and 
cooling to aimealing temperature at which only desired reactions can occur. 
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CLAIMS 

1. A formulation for use in effecting a Polymerase Chain Reaction, the formulation 
comprising a dried composition of reagents including reaction buffer, dNTPs, at least two 
primers and a polymerase and said formulation being re-hydratable to be capable of 
effecting amplification of a target nucleic acid sequence of interest characterised in that 
the formulation incorporates a fluorescent reporter molecule capable of reporthig by 
homologous detection the presence of amplified nucleic acid produced by the Polymerase 
Chain Reaction.. 

2. A formulation as claimed in claim 1 wherein the fluorescent reporter molecule is 

' capable of reporting a change in the amount of double stranded DNA in the Polymerase 
Chain Reaction. 

3. A formulation as claimed in claim 2 wherein the fluorescent reporter molecule is 
an intercalating dye. 

4. A formulation as claimed in claim 3 i^erein the intercalating dye is selected fi'om 
Ethidium Bromide, CyBr Green and FicoGreen 

5. A formulation as claimed m claim 1 wherein the fluorescent reporter molecule is 
one which works in conjunction with a quencher moiety so as to be capable of reporting 
the presence of specific nucleotide sequences in the mixture. 

6. A formulation as claimed in claim 1 to 5 vdierein the polymerase is a DNA 
polymerase. 

7. A formulation as claimed in claim 6 wherein the polymerase is a thermally stable 
polymerase. 
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8. A formulation as claimed in claim 7 wherein the tiieimally stable polymerase is 
Taq. 

9. A formulation as claimed in claim 6 or 7 vAerein the polymerase is a "hot-start" 
polymerase. 

10. A vessel for conducting a polymerase chain reaction therein, said vessel 
containing a pre-measured amount of the formulation as defined in any one of claims 1 to 
9. 

11. A vessel as claimed in claim 1 0 which is a reaction tube. 

IJ. The combination of a vessel as claimed in any one of claims 10 and 11 and a 
closure element for closing the vessel after the addition of aqueous sample thereto. 

13. The combination as claimed in claim 12 wherein the closure element is capable of 
effecting irreversible closure of the vessel. 

14. The combination as claimed in claim 13 wherein tiie iimer surface of the vessel 
(adjacent the mouth thereof) and the outer surface of the closure element are provided 
witii inter-engageable formations allowing insertion of the closure element mto the vessel 
but preventing withdrawal therefrom. 

15. A method of effecting a polymerase chain reaction comprising adding an aqueous 
sample potentially containing target nucleic acid sequence to a vessel as claimed in claim 
10 or 11 or the vessel of the combination as claimed in claim 12 or 13, effecting the 
polymerase chain reaction, and effecting fluorescence detection of the product mixture in 
situ in the vessel. 
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16. A method as claimed in claim 1 5 when used with the combination of daim 12 or 
13, the method additionally comprising ttie step of inserting the closure element into the 
vessel after addition of the sample and prior to effecting the polymerase chain reaction. 



17. A method as claimed in claim 16 when used with the combination of claim 14 
wherein the step of inserting the closure element into the vessel effects irreversible 
closure. 
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2. PCR, Reverse Transcription, and RNA Amplification 
BEST AVAILABLE COPY HotStarloq DNA Polymerase 



HotStarTaq" DNA Polymerase 

HofSfarTaq"^ DNA Polymerase, o modified form of QIAGEN^ Taq DNA Polymerase, provides high 
specificity in hot-start PCR. 



Features and benefits - 

• Higher PCR specificity 

• Reduced nonspecific amplification 

• Easy handling 



Principle - 



Product Format Options 






^^^i^^^^^^^^lil^^i^pi^^iP^I^'''^^-^"^ 



HotStarTaq DNA Polymerase 

PCR Buffer^ ' ■ \ : , / 

G^Solution 

dNTPMix* 

MgCb solution 

bisHlled water 



✓ 



/ 
/ 

/ 
/ 
/ 



* HotStarTaq Master Mix is a premixed solution containing HotStarTaq DNA Polymerase, PCR Buffer, and dNTPs, The solution 
provides a final concentration of 1 .5 mM MgCl2 and 200 yM each dNTP, 

' Provides a final concentration of 1 .5 mM MgC/^ 

* Provides a final concentration of 200 yM each c/NTP 



HotStarTaq DNA Polymerase, o modified form of QIAGEN Taq DNA Polymerase, is supplied 
in an inactive state that has no polymerase activity at ambient temperatures. This prevents 
extension of nonspecifically onneoled primers and primer-dimers formed at low tem- 
peratures during PCR setup and the initial PCR cycle (Figures 2.7 and 2.8, Table 2.2). 
HotStarTaq DNA Polymerase is activated by a 15-minute incubation at 95°C which can 
be incorporated into any existing thermal-cycler program. Every lot of HotStarTaq DNA 
Polymerase is subjected to a comprehensive range of quality control tests, including a stringent 
PCR specificity and reproducibility assay in which low<opy targets are amplified. 



Table 2.2 Comparison of ho^start methods 

HolStarlqq DNA Ho^sta^t enzyme, Antibody- Wax 

Polymerase from Supplier A, mediatra Manual barrier 

Specific amplification ++ + + +/- +/- 

Minimal PCR opfimizcrtion ++ +/~ +/~ 

Easy to use ++ ++ + - - 
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1 5. Appendices 

Trademarks and disclaimers 
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Trademarks and Disclaimers 

The following are patented or patentjDending technology and/or registered or registration-pending trademarks of 
QIAGEN: QIAGEN®, QIAamp®, QIAEX®, QIAexpres^, QIAexpression/sr, QIAfilter^ QIAprecipitator™, QIAprep® 
QIAquick^ QIAshredder^^ QIAsoft™ QIAwelP, QIAvac, AirPore™, BioRoboi®, DNeasy®, DoubieTag"*, DyeEx^", 
Effectene™, EndoFree®, HiSpeed'", HisSorb™ HotStarTaq^", ImmunEasy™ lnhibitE)r, MagAttract'", Masscode™ 
m/croR,E.A.L.™ MinElute™, Ni-NTA, Oligotex®, Omniscript™, Penta His'^ PolyFecf, ProofStart^", QuantiTect™, R.E.A.L.®, 
RGS HIs"*, RNAprotect"*, RNeosy®, Sensiscript'", SuperFect®, Tetra His"*, TransMessenger™ TurboFilter*. 
The following are patented or patent^pending technology and/or registered or registration-pending trademarks of 
Operon: Operon® Array-Ready Oligo'", GeneOp®, OpArroy*, and OPT*. 
PAXgene and PreAnalytiX ore trademarks of PreAnalytiX. 

"RNA/ater is a trademark of AMBION, Inc., Austin, Texas, and is covered by various U.S. and foreign patents. 



ABI, AmpFlstr Blue, BigDye, and POP-5 ore trademarks end ABI PRISM 
and GENESCAN are registered trademarks of Applera Corporation or its 
subsidiaries. ABTS is a registered trademark of Boehringer Mannheim 
GmbH. AMPUCOR, Amplitaq, GeneAmp, and ToqMan ore registered 
trodemorb of Roche AAolecular Systems, Inc. BD VACLTTAINER is a trade- 
mark of Becton Dickinson, Franklin Lakes, NJ, USA. Biofuge and Minifuge 
ore registered trademarks of Heroeus Instruments GmbH. Black Hole 
Quencher and BHQ are registered trademarks of Biosearch Technobgies, 
Inc. (BTI). CDP-5tar is a trademark of Tropix, Inc. CEQ js a trademaHc of 
Beckman Coulter, Inc. ConSequence is a trademark of Biomax Informatics 
GmbH. Coomassie is a registered trademark of ICI (Imperial Chemical 
Industries) Organics Inc. CpG DNA is a trademark of Coley Pharmaceutical 
Group, Inc. DACRON is a registered trademark of E. t. du Pont de 
Nemours and Company. DAPase, pGAPose, Ocyclose, and TAGZyme ore 
trademarks of UNI2YME. DH10B and DH5a are trademarks of Ufe 
Technologies, Inc. DYEnomic, ECL, MegaBACE, and Thermo Sequenase 
are trademarks and Cy, FPLC, and Sepharose are registered trademarks 
of Amersham Pharmacia Biotech. Empore is a trademark of 3M, 
Eppendorf is o registered trodemark of Eppendorf-Netheler-Hinz GmbH. 
FACS is a registered trademark of Becton Dickinson and Company. 
GeneAmp is a registered trademark of Roche Molecular Systems, Inc. 
GenePrint and pGEM ore registered trademarks of Promego Coiporation. 
iCycier is a trademark of Bio-Rod Laboratories, Inc. LighlCycler is a 
registered trademark of Idaho Technology Inc. Macintosh is a registered 
trademark of Apple Computer, Inc. Microsoft is a registered trademark of 
Microsoft Corporation. NASBA is a registered trademark of Organon 
Tekniko. Oregon Green, SYBR, and Texos Red are registered trademarks 
of Molecular Probes, Inc. pBluescript is a registered trademark of Strata- 
gene, Inc. PowerPlex Is o tradenrKirk of Promego Corporation. RopidPlate 
is a trademark of Zymork Corporation. Roche is a registered trademark of 
Hoffman4o Roche, Inc. SAGE Is a trademark of Genzyme Corp. SOLR is 
a trademark of Strotagene, Inc. Sorvall is a registered trademark of Sorvall 
Products, L P. Superflow is a trademark of Sterogene Bloseparotions, Inc. 
Triton is o registered trademark of Rohm & Haas, Inc. Tween is a registered 
trademark of ICI Americas, Inc. UniPlole is a registered trademark of 
Whatman pk. Windows is a registered trademark of Microsoft Corporation. 

Registered names, trodemorb, etc. used in this document, even when not 
specifically marked as such, ore not to be considered unprotected by bw. 

ImmunEasy technology is covered by U.S. Patents 6,194,388 and 
6,207,646 exclusively licensed by Coley Pharmaceutical Group, Inc. 

The PCR process is covered by U.S. Patents 4,683,195 and 4,683,202 
and foreign equivalents owned by Hoffmann-La Roche AG. 

The SAGE process is covered by U.S. Patent 5,695,937 ovmed by 
Genzyme Molecular Oncology. 

TAGZyme technology is licensed under U.S. Patent No. 5,691,169, U.S. 
Patent No. 5,783, 413, and E.U. Patent No. 0075993181. 

HoffmonrvLo Roche owns patents and patent applications pertaining to the 
opplicotion of Ni-NTA resin (Patent series: RAN 4100/63: USP 
4.877.830, USP 5.047.513, EP 253 303 Bl), and to 6xHis<oding 
vectors and Hls-lobeled proteins (Patent series: USP 5.284.933, USP 
5. 1 30.663, EP 282 042 Bl). Ail purification of recombinant proteins by 
NI^TA chromatography hx commercial purposes, and the commercial 
UM) of proteins so purified, require a license from Hoffmanrvia Roche. 



The Bbck Hole Quenchers and BHQ dyes were developed by and licensed 
from Biosearch Technobgies, Novalo, CA. fhese products are sokJ exclusively 
{or R&D use by the purchaser. They may not be used br clinical or diagnostic 
purposes and they irxiy not be re^d, distributed or r&packoged. Operon 's 
Molecular Beacons ore licensed under patents owned by The Public Health 
Research Institute of the City of New York, Inc. and come with licensed 
rights for use only in the purchaser's research and development activities. 

NoHce to Users of CHAamp Kits and the BbRobot 9604 

QIAomp Kits ore intended as general-purpose devices, and the BioRobot 
9604 is intended as a microtiter diluting and dispensing device. No claim 
or representation is intended for their use to identify any specific organism 
or for clinical use (diagnostic, prognostic, therapeutic, or blood banking). 
It is the user's responsibility to validate the performance of QIAamp Kits 
and the BioRobot 9604 for any particular use, since their performance 
characteristics hove not t>een validated for any specific organism. QIAamp 
Kits and the BioRobot 9604 may be used in clinical diagnostic bboratory 
systems after the laboratory has validated their complete system as 
required by CUA '88 regubtions in the U.S. or equivalents in other countries. 

Norice to Purchasers of QIAGEN produds for PCR containing Taq DNA 
Pdymerase, HotStarlaq DNA Polymerase, or ProofStart DNA Polymeraso: 
Limited License 

A license held under U.S. Patents 4,683202, 4,683,195, 4,965,188. 
and 5,075,216 or their foreign counterparts, owned by Hoffmann-Lci 
Roche Inc. and F. Hoffmann-La Roche Ltd., has on up-front fee componqnt 
and a running-royalty component. The purchase price of this product 
includes limited, nontransferable rights under the running-royolly 
component to use only this amount of the product to practice th© 
Polymerase Chain Reaction (PCR) and related processes described In sokl 
patents solely for the research and devebpment activities of the purchoaor 
v/hen this product is used iri conjunction with o thermal cycler whoso uftO 
is covered by the up^ont fee component. Rights to the up^ont foo 
component must be obtained by the end user in order to hove o complotd 
license. These rights under the up-front fee component may be purchosotl 
from PerkirnElmer Corporation or obtained by purchasing an outhorlzod 
thermal cycler. No right to perform^or offer commercial services of 0»^y 
kind using PCR, including, without limitation, reporting the results ol 
purchaser's activities for a fee or other commercial consideration, is hordby 
granted by implication or estoppel. Further information on purcha»lft() 
licenses to practice the PCR process may be obtained by contacting lhi| 
Director of Licensing at Perkin-Elmer Corporation, 850 Lincoln Cotit&r 
Drive, Foster City, California 94404 or at Roche Molecular Systems, IftOu 
1 1 45 Atbntic Avenue, Abmedo, California 94501 . 

Notice lo PkmlMsers of l^knnp^ire Products 

RNompliFire products are devebped, designed and sold for research (tnd 
development purposes only. They are not to be used for commofcl(jl 
purposes nor for diagnostic or drug purposes and shall not bfl 
administered to humans. All due core and attention should be exorclidd bl 
the handling of many of the materials described in this text. 

RNompliFire products utilize the "NASBA" technology which is ba)0(l 6n 
isothermal transcripfiorvbased enzymatic nudeic acid amplification, COvurg^l 
by the folbwing patents and their foreign counterparts: US Patents 5, 1 3O«2!30f 
5,409,818, and 5,554,517; European Patents 329.822 and 4O7,620i 
and which technobgy is licensed by QIAGEN from Organon Toknika. 
© 2001 QIAGEN, all rights reserved. 
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